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SOLID-STATE IMAGE PICKUP DEVICE 



BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a solid-state image pickup 
device, and more particularly to a technology adapted to an 
active XY address type solid-state image pickup device among 
solid-state image pickup devices compatible with the CMOS 
manufacturing processes (the so-called CMOS sensors) or to a 
CCD sensor. 

Description of the Prior Art 

The conventional solid-state image pickup devices of the 
transfer layer type that transfer photoelectrical^ converted 
signal charges can roughly be classified into those of MOS type 
and CCD type. These solid-state image pickup devices, 
especially the solid-state image pickup devices of the CCD type, 
have been applied in recent years to camera-integrated VTRs, 
digital cameras, facsimile equipment, and the like, and are 
still in the process of technical development for improvement 
of their characteristics. 

A CCD sensor is equipped with a photoelectric conversion part 
in which photoelectric conversion elements corresponding to 
pixels are arranged two-dimensionally , and pixel signals that 
are converted to electrical charges by means of the 
photoelectric conversion part are read sequentially by a 
vertical transfer CCD and a horizontal transfer CCD. 

A CMOS sensor does not employ CCDs for vertical and horizontal 
transfers, and reads pixels selected by selection lines formed 
of aluminum wires or the like, as in the case of a memory device. 
Here, in comparison to the CCD sensor that requires a 
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plurality of positive and negative power supply potentials, the 
CMOS sensor can be driven by a single power supply, and hence 
it is possible to reduce the power consumption and the operating 
voltage as compared with the CCD sensor. 
5 Moreover, in contrast to the difficulty for the CCD sensor 

that adopts intrinsic manufacturing processes in applying the 
manufacturing processes, as they are, of the CMOS circuit, the 
manufacturing processes of CMOS circuits are readily adopted 
for the CMOS sensor. Accordingly, in the CMOS sensor it is 

10 possible to form simultaneously a logic circuit, an analog 
circuit, an analog to digital conversion circuit, and the like 
by the CMOS processes that are widely in use for the manufacture 
of a processor, a semiconductor memory such as DRAM, a logic 
circuit, or the like. In short, the CMOS sensor can be formed 

15 on the same semiconductor chip along with a semiconductor memory 
and a processor, or can share the same production line with a 
semiconductor memory or a processor. An example of the CMOS 
sensor is shown in FIG. 12. 

In FIG. 12 which shows an image-pickup element (CMOS sensor) 

20 labeled with symbol 100, the CMOS sensor 100 comprises a timing 
generating part 102, an image sensor part 101, a vertical 
scanning part 103 and a horizontal scanning part 104 for 
selecting pixel outputs, an analog signal processing part 105, 
an A/D part (A/D conversion part) 109 for performing analog to 

25 digital conversion, a digital signal processing part 107 for 
converting a digitized signal into an output signal, and an 
interface part (IF part) 108 for outputting digital image data 
to the outside as well as receiving a command from the outside. 
The image sensor part 101 is an assembly of fundamental cells 

30 of the CMOS sensor as will be described later, and the vertical 
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scanning part 103 is for vertically controlling the fundamental 
cells of the image sensor part 101, the horizontal scanning part 
104 is for horizontally controlling the fundamental cells of 
the image sensor part 101, and these scanning parts perform 
5 respective scanning control by means of timing signals output 
from the timing generating part 102. 

The analog signal processing part 105 applies a required 
processing to an image signal read from the image sensor part 
101 to output the result to the A/D conversion part 109, the 

10 A/D conversion part 109 converts the image signal into a digital 
signal to output the result to the digital signal processing 
part 107, and the digital signal processing part 107 outputs 
the image signal to the IF part 108. 

The IF part 108 outputs digital image data output via the 

15 digital signal processing part 107, and is capable of inputting 
a command from the outside . With this arrangement, the IF part 
108 controls various constituent components so as to be able 
to control the mode, output signal form, signal output timing 
or the like of the image- pickup element 100 in response to the 

20 command. 

Here, the vertical scanning part 103, the horizontal scanning 
part 104, the A/D conversion part 109, the digital signal 
processing part 107, the IF part 108, and the like constitute 
a logic circuit part 106. Moreover, a configuration may be 
25 adopted in which the digital signal processing part 107 is 
provided with a memory for storing one or plural lines, one or 
plural blocks, or one or plural frames of image data to be 
utilized for signal processing in the digital signal processing 
part 107. 

30 Next, a part of the conventional fundamental cells in the 
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image sensor part 101 and the logic circuit part 106, of the 
CMOS sensor 100 will be shown in FIG. 13. 

in FIG. 13, symbol 10 is the CMOS sensor being the fundamental 
cells, 11 is a P type silicon substrate, 12 is a P type well, 
13 is a field oxide film for element isolation, 14 is an N type 
region (photoelectric conversion region) which is to be a 
photodiode, 15 is an N + type region (diffused layer) which is 
to be a reset drain, 16, 16A, and 16B are gate Si02 films. 
Moreover, symbol 17 is a polycrystalline silicon film which is 
to be a reset gate, 17A is the gate film of a MOSFET of a source 
follower amplifier, 17B is the gate film of a MOSFET as a 
horizontal selection switch, 15A is an N + type region which is 
to be the source or drain of the MOSFET of the source follower 
amplifier, 15B is an N + type region which is to be the source 
or drain of the MOSFET of the source follower amplifier as well 
as the source or drain of the MOSFET as the horizontal selection 
switch, 15C is a P type region which is to be the source or drain 
of a load MOSFET, 18A, 18B, 18C, 19A, and 19B are wiring layers , 
and 21 is a metal film which is to be a light shielding film 
that defines an opening part through which light is made 
incident . 

in the CMOS sensor 10, the photoelectric conversion region 
14 is connected to the gate 17A of the MOSFET constituting the 
source follower amplifier via the wiring layer 18B or the like, 
by which the N + type region 15A which is to be the source or 
drain of the MOSFET is linked to the source or drain of the MOSFET 
as the horizontal selection switch so that these MOSFETs are 
connected. Consequently, the N + type region 15B which is to] 
be the source or drain of the MOSFET is linked and connected 
to the source or drain of the load MOSFET forming the source 
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follower amplifier. The N + type region 15B which is to be the 
source or drain of both MOSFETs is connected to the source or 
drain of a dark output transfer MOSFET and a bright output 
transfer MOSFET, respectively, and the sources or drains of the 
5 dark output transfer MOSFET and the bright output transfer 
MOSFET are connected to a dark output storage capacitor and a 
bright output storage capacitor, respectively. 

Between the photoelectric conversion region 14 and the light 
shielding film 21 there are provided a layer insulating film 

10 22 and a plurality of wiring layers 16, 16A, 16B, 17, 17A, 17B, 
18A, 18B, 18C, 19A, 19B, and 19C, as shown in FIG. 13. 

The logic circuit part 106 is formed adjacent to, for example, 
the image sensor part 101 as shown in FIG. 13. In the part 
106, a P type well 32A and an N type well 32B are formed in the 

15 P type silicon substrate 11, an N + type region 33A and a P + type 
region 33B that are to be diffused layers are provided in the 
well regions 32A and 32B, respectively, gates 34A and 34B formed 
of polycrystalline silicon are provided above these regions, 
metal films 35A, 35B, 36A, and 36B that are to be wiring layers 

20 are provided above the gates, and a light shielding layer 20 
covering all of these is provided in the topmost part. 

The CMOS sensor 10 with the above configuration operates as 
in the following. 

First, as shown in FIG. 14A, the potential of the 

25 photoelectric conversion region 14 is set at a power supply 
voltage VDD by applying a high pulse <f)R to the reset gate 17 
to reset the signal charge of the photoelectric conversion 
region 14. Next, a low pulse is applied to the reset gate 

17 for preventing blooming as shown in FIG. 14C. 

30 During storage of signal charges, when electron-hole pairs 
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are generated in the region below the photoelectric conversion 
region 14 by light whose incident position is regulated by the 
opening part 23 of the light shielding film 21, electrons are 
stored in a depletion layer below the photoelectric conversion 
region 14, and holes are discharged through the P type well 12. 
in FIG. 14C, the region with deeper potential than the power 
supply voltage VDD indicated by crisscrossed hatching shows 
that the region is not depleted. Since a potential barrier 
is formed between the depletion layer formed in the P type well 
12 below the photoelectric conversion region 14 and the N + type 
region 15 which is to be a floating diffused layer by a control 
MOSFET , electrons remain in the region below the photoelectric 
conversion region 14 during storage of the photoelectric 
charges as shown in FIG. 14C- 

Following that, the potential of the photoelectric 
conversion region 14 varies corresponding to the number of 
stored electrons, the change in the potential is output to the 
drain (N + type region) 15B of the horizontal selection switch 
MOSFET via the source (N + type region) of the source follower 
amplifier MOSFET by means of the operation as a source follower, 
and the potential is output from the wiring layer 19B which acts 
as the output terminal of the source follower amplifier. In 
this way, it is possible to obtain a photoelectric conversion 
characteristic of an excellent linearity. 

Here, kTC noise due to reset is generated in the N + type region 
15 which is to become a floating diffused layer. However, the 
noise can be removed by taking the difference between the bright 
output, and the dark output that has been accumulated prior to 
the signal electron transfer. 

in recent years, design of a semiconductor device as a " system 
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on chip (SOC)" that 

includes desired system/element functional operations in a 
single LSI body by unifying various pieces of hardware (H/W 
integration) such as a CPU, memory, standard/dedicated macro, 
5 analog circuit, and image sensor part, and various pieces of 
software (S/W integration) such as image compression and 
expansion, sound processing, and communication functions , has 
been tried . In order to manufacture a solid-state image pickup 
device as an SOC, the logic circuit part 106 is manufactured 

10 utilizing technologies accumulated in the past, and adaptation 
of a hybrid technology that integrates different processes on 
a single chip to form the solid-state image pickup device has 
been in demanded. 

Here, there has been a demand to obtain the CMOS sensor as 

15 an SOC by forming an image sensor part 101 simultaneous with 
the logic circuit part 106 through utilisation of CMOS processes 
by standard parameters that are widely in use in the formation 
of processors, semiconductor memories such as DRAM, logic 
circuits, or the like. There has been a demand to share the 

20 production line with semiconductor memories , processors or the 
like by forming these components on one chip in a single process 
flow. 

In accordance with such demands, in the logic circuit part 
106, the light shielding layer 20 is provided at the highest 

25 position of each element. In other words, a metal layer which 
is to become the light shielding layer 20 is formed above the 
wiring layers 35A, 35B, 36A, and 36B in order to effect light 
shielding without changing the arrangement of the wiring layers 
35A, 35B, 36A, and 36B that are given the existing structure. 

30 In the structure of the CMOS sensor 10 in the above, the light 
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shielding layer 20 and the light shielding film 21 are provided 
at the topmost position as an integrated body. Since the layer 
insulating film 22 and a plurality of wiring layers 16, 16A, 
16B, 17, 17A, 17B, 18 A, 18B, 18C, 19A, 19B, and 19C exist between 
5 the light shielding film 21 that regulates the opening part 23 
and the photoelectric conversion region 14 above the silicon 
substrate 11, the spacing L0 between the light shielding film 
21 and the photoelectric region 14 becomes several jt/m which 
is very large in comparison to the wavelength (in the range of 

10 350 to 770nm) of the visible rays. As a result, incident beams 
25 diffracted by the diffraction effect of the beams incident 
through the opening part 23 are made incident on the periphery 
of the photoelectric conversion region 14 as shown in FIG. 15. 
Consequently, according to such a structure of the CMOS sensor, 

15 false signals generated by the photoelectric conversion effect 
of the light incident on the periphery of the photoelectric 
conversion region 14 leaks into adjacent photoelectric 
conversion region, and causes the problem of degradation of the 
S/N of image signals. 

20 As counter measures against the false signals there has been 

proposed such a technology as to set the dimension (for example, 
the width WO) of the opening part 23 to be smaller compared with 
the dimension (for example, the width W14) of the photoelectric 
conversion region 14. However, in such a case, the quantity 

25 of light incident on the photoelectric conversion region 14 is 
reduced, and results in the problem of the reduction in the 
sensitivity . 

Furthermore, when a means is adopted to provide, for example, 
the light shielding film 21 at a position below the wiring layers 
30 18A, 18B, 18C, 19A, 19B, and 19C as countermeasures against the 
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false signals, and as a solution to the reduction in the 
quantity of light on the photoelectric conversion region 14 and 
to the reduction in the sensitivity, it becomes necessary also 
in the logic circuit part 106 to place the light shielding layer 
5 20 below the positions of the metal layers 35A, 35B, 36A, 36B, 
or the like because the light shielding layer 20 and the light 
shielding film 21 are formed integrally. This leads to the 
problem of the necessity for designing the logic circuit part 
106 entirely anew. 

10 Besides, in this case, there is a possibility in its 

manufacturing process of changing the existing parameters for 
manufacture and design, which results in the problem that the 
conversion to an SOC is difficult. 

For these reasons, it may become impossible to exhibit the 

15 characteristics of the CMOS sensor such as, the simultaneous 
formation of a logic circuit, analog circuit, A/D conversion 
circuit, or the like, the formation of the image sensor part 
101 on the same semiconductor chip as the semiconductor memory 
and the processor, and the possibility of sharing the production 

20 line with the semiconductor memory and the processor. As a 
result, there has been a possibility of being forced to adopt 
an intrinsic process for the CMOS sensor similar to the CCD 
sensor, and is unable to make active use of the characteristic 
of the CMOS sensor that the manufacturing cost is reducible, 

25 BRIEF SUMMARY OF THE INVENTION 

Object of the Invention 

It is an object of the present invention to reduce the false 
signals, to enhance the S/N of the image signals, as well as 
to realize the formation of an SOC. 

30 Summary of the Invention 
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The solid-state image pickup device according to the present 
invention is a solid-state image pickup device in which a 
photoelectric conversion part having a photoelectric 
conversion region and a logic circuit part (CMOS circuit part) 
are formed on a semiconductor substrate in the same process, 
and outputs a potential change caused by charges generated in 
the photoelectric conversion region. The device is provided 
with a light shielding layer covering the logic circuit part 
(CMOS circuit part) and a light shielding film which regulates 
the region of beam incidence on the photoelectric conversion 
region, where the light shielding film is provided at a position 
closer to the semiconductor substrate than the light shielding 
layer . 

Here, it is preferable that at least a part of the light 
shielding film is located at an intermediate position between 
the light shielding layer and the photoelectric conversion 
region in direction of beam incidence. 

The light shielding film covers the photoelectric conversion 
region, and it is provided in such a manner that the light 
shielding film and the light shielding layer have an overlapping 
parts that can be overlapped in the plan view, or are connected 
continuously so as to have continuous light shielding state. 

It is preferable the light shielding layer is composed of 
a single layer or plural layers 

that have a sufficient light tightness with low light 
transparency or high light absorbency, and it may be formed of 
an organic material such as gelatin or casein, or it may be formed 
of a material with reduced light transparency or limited 
wavelength of transmitted light obtained by mixing a pigment 
or the like in a material having light transparency. In this 
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case, the light shielding film may be made to have light 
transparency in the photoelectric conversion region, to form 
color filters corresponding to three primary colors of red, 
green, and blue (RGB) of color pixels, and has a sufficiently 
5 low light transparency to the extent to be able to prevent 
generation of the false signals in the other portions. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The above and other objects, features and advantages of the 
present invention will be more apparent from the following 
10 description taken in conjunction with the accompanying drawings , 
in which: 

FIG. 1 is a side view of a first embodiment of the solid-state 
image pickup device according to the present invention; 

FIGS. 2A to 2B are a schematic enlarged side view showing 
15 the photoelectric conversion region and the light shielding 
film in FIG. 1; 

FIG. 3 is a schematic enlarged side view showing the light 
shielding film and its opening; 

FIG. 4 is a side view showing a state in which a connection 
20 part is provided in the first embodiment of the solid-state 
image pickup device according to the invention; 

FIG. 5 is a side view showing a state in which the position 
of the light shielding layer is different in the first 
embodiment according to the invention; 
25 FIG. 6 is a side view showing a state in which a connection 

part is provided in FIG. 5; 

FIG. 7 is a side view showing a second embodiment of the 
solid-state image pickup device according to the invention; 
FIG. 8 is a side view showing a state in which a connection 
30 part is provided in the second embodiment of the solid-state 
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image pickup device according to the invention; 

FIG. 9 is a side view showing a third embodiment of the 
solid-state image pickup device according to the invention; 

FIG. 10 is a side view showing a state in which the arrangement 
of the wiring layers is different in the third embodiment of 
the solid-state image pickup device according to the invention; 

FIG. 11 is a side view showing a fourth embodiment of the 
solid-state image pickup device according to the invention; 

FIG. 12 is a plan view showing the arrangement of the image 
sensor part and the logic circuit part in the solid-state image 
pickup device; 

FIG. 13 is a schematic side view showing an example of the 
solid-state image pickup device; 

FIGS. 14A to 14C are a schematic side view showing the 
solid-state image pickup device and diagrams showing the 
potentials in the operating state; and 

FIG. 15 is a schematic side view showing an example of the 
solid-state image pickup 
device . 

DETAILED DESCRIPTION OF THE INVENTION 

Next, referring to the drawings, a first embodiment of the 
solid-state image pickup device according to this invention 
will be described. 

FIG. 1 is a schematic side view showing the solid-state image 
pickup device according to this embodiment, and FIGS. 2A and 
2B are schematic enlarged side views showing the photoelectric 
conversion region and the light shielding film. 

The solid-state image pickup device in this embodiment is 
assumed to be an active XY address type CMOS sensor 100 similar 
to that as shown in FIG. 12. 
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Such a CMOS sensor 100 is provided with an image sensor part 
(photoelectric conversion part) 101 in which several hundreds 
several hundreds of fundamental cells are arranged to deal 
with the pixels, a timing generating part 102, a vertical 
scanning part 103 and a horizontal scanning part 104 for 
selecting pixel outputs, an analog signal processing part 105, 
an A/D part (A/D conversion part) 109 which performs analog to 
digital conversion of signals, a digital signal processing part 
107 which converts a digitized signal into an output signal, 
and an interface part (IF part) 108 which outputs digital image 
data to the outside, and receives command data from the outside . 

The image sensor part 101 is an assembly of the fundamental 
cells as will be described late. The vertical scanning part 
103 and the horizontal scanning part 104 are for controlling 
the vertical scanning and horizontal scanning, respectively, 
of the fundamental cells of the image sensor part 101, and the 
respective controls of scanning are carried out by the timing 
signals output from the timing generating part 102. 

The analog signal processing part 105 applies required 
signal processing to the image signal read from the image sensor 
part 101 to output the result to the A/D conversion part 109, 
the A/D conversion part 10 9 converts the image signal to a 
digital signal and outputs the result to the digital signal 
processing part 107, and the digital signal processing part 107 
outputs the image signal to the IF part 108. 

The IF part 108 outputs the digital image data output via 
the digital signal processing part 107 to the outside, and can 
receive a command from the outside. With this arrangement, 
the part 108 controls various constituent components so as to 
be able to control the mode, output signal form, signal output 
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timing, or the like of the image pickup element corresponding 
to the command. 

Here, the vertical scanning part 103, the horizontal scanning 
part 104, the A/D conversion part 109, the digital signal 
5 processing part 107, the IF part 108, or the like constitute 
a logic circuit part 106. Moreover, the digital signal 
processing part may be constituted such that it is provided with 
a memory part which is arranged to store image data 
corresponding to one or plural lines, one or plural blocks, or 

10 one or plural frames to be utilized for signal processing of 
the digital signal processing part 107. Besides, a 

configuration may also be adopted in which the timing generating 
part 102 is incorporated in the vertical scanning part 103, 
the horizontal scanning part 104, or the like. 

15 In FIG. 1 or FIG. 2, symbol 10 is the CMOS sensor being the 

fundamental cells of the solid-state image pickup device in the 
embodiment. The CMOS sensor 10 is provided in the image 
sensor part 101 adjacent to the logic circuit part 106, as shown 
in FIG.l. 

20 The CMOS sensor 10 located in the image sensor part 101 is 

provided with a P type well 12 formed on a P type silicon 
substrate (semiconductor substrate) 11. On the P type well 
12 there are provided an element isolation region 13 for 
isolating elements, an N type region (photoelectric conversion 

25 region) 14 which is to be a photodiode, an N + type region 
(diffused layer) 15 which is to be a reset drain, an N + type 
region 15A which is to be the drain of a MOSFET of a source 
follower amplifier to be described later, an N + type region which 
is to be the source or drain of the MOSFET of the source follower 

30 amplifier and the source or drain of a MOSFET of a horizontal 
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selection switch, and a P type region 15C which is to be the 
source or drain of a load MOSFET. 

Between and above the photoelectric conversion region 14 and 
the reset drain region 15, there is provided a reset gate 17 
5 formed of polycrystalline silicon via a gate Si02 film 16, 
between and above the reset drain region 15 and the N + type region 
15A, there is formed the gate 17A of the MOSFET of the source 
follower amplifier via the gate Si02 film 16A, and between and 
above the N + type region 15A and the N + type region 15B, there 

10 is formed the gate 17B of the MOSFET as the horizontal selection 
switch via the Si02 film 16B. 

The reset gate 17^the gate 17A, and the gate 17B are connected 
to the wiring layers 18A, 18B, and 18C, respectively, the reset 
drain region 15 is connected to the wiring layer 19A to which 

15 is applied a power supply voltage VDD, and the N + type region 
15B is connected to the wiring layer 19B connected to an output 
terminal VOUT . 

Here, the gate Si02 films 16, 16A, and 16B are arranged at 
the same height of the surface of the photoelectric conversion 
20 region 14 on which the incident beams impinge. 

Moreover, the reset gate 17, and the gates 17A and 17B are 
arranged at an equal distance above the position of the gate 
Si02 films 16, 16A, and 16B that are formed on the same plane 
as that of the beam incidence on the photoelectric conversion 
25 region 14. 

A light shielding film 24 that covers the image sensor part 
101 is provided above the reset gate 17, and the gates 17A and 
17B, the wiring layers 18A, 18B, and 18C are provided above the 
light shielding film 24 at the same height in the direction of 
30 beam incidence, and the wiring layers 19A and 19B are provided 
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above the layers 18A, 18B, and 18C at the same height. 

In the CMOS sensor 10, the photoelectric conversion region 
14 is connected to the gate 17A of the MOSFET that constitutes 
the source follower amplifier through the wiring layer 18B or 
5 the like, and the N + type region 15A that is to be the source 
or drain of the MOSFET is linked and connected electrically to 
the source or drain of the MOSFET as the horizontal selection 
switch, and the N + type region 15B that is to be the source or 
drain of the MOSFET is linked and connected electrically to the 

10 source or drain of the load MOSFET forming the source follower 
amplifier. The N + type region 15B that is to be the source 
or drain of these MOSFET s is connected to the source or drain 
of a dark output transfer MOSFET and a bright output transfer 
MOSFET through the wiring 19B, and the source or drain of the 

15 dark output transfer MOSFET and the bright output transfer 
MOSFET is each connected to a dark output storage capacitor and 
a bright output storage capacitor. 

The logic circuit part 10G is adjacent, for example, to the 
CMOS sensor 10 of the image sensor part 101 as shown in FIG. 

20 1. In this portion, a P type well 32A and an N type well 32B 
are provided in the P type silicon substrate 11, an N + type region 
33A and a P + type region 33B that are to be diffused layers are 
provided on the P type well 32A and the N type well 32B, 
respectively, gates 34A and 34B composed of polycrystalline 

25 silicon are provided above them through Si02 film, metal films 
35A, 35B, 36A, and 36B that are to be wiring layers are provided 
above them, and a light shielding layer 20 covering them is 
provided in the topmost part. 

Here, the gates 34A and 34B are arranged at the same height 

30 which is equal to that of the reset gates 17, gates 17A and 17B, 
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and larger than the distance of the gate Si02 films 16, 16A, 
and 16B from the beam incident plane on the photoelectric 
conversion region 14. 

Moreover, the wiring layers 35A and 35B are arranged at the 
5 same height with the same thickness as the light shielding layer 
24, and the layers 35A and 35B and the film 24 constitute a first 
metal layer. 

Furthermore, the wiring layers 36A and 3 6B are arranged at 
the same height and with the same thickness as the wiring layers 
10 18A, 18B, and 18C, and the layers 36A and 36B,18A, 18B, and 18C 
constitute a second metal layer. 

The light shielding layer 20 is arranged at the same height 
as the wiring layers 19A and 19B, and the layers 20, 19A, and 
19B constitute a third metal layer. 
15 The light shielding film 24 formed of a metal such as aluminum 

has an opening part 23' above the photoelectric conversion 
region 14 and covers the image sensor part 101, and is placed 
at an intermediate position between the light shielding layer 
20 and the photoelectric conversion region 14 in the beam 
20 incident direction, as shown in FIG. 1 and FIG. 2. The film 
24 is placed at a position closer to the photoelectric 
conversion region 14 than the plurality of wiring layers 18A, 
18B, 18C, 19A, 19B, and 19C so as to have the distance between 
the photoelectric conversion region 14 and the light shielding 
25 film 24 to be equal to L' . 

The light shielding film 24 is positioned surrounding the 
entire periphery of the photoelectric conversion region 14 so 
as to define the region of beam incidence by shielding the 
incident light from the periphery of the photoelectric 
30 conversion region 14 by means of the opening part 23' . It also 
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covers the image sensor part 101 to regulate the incidence of 
beams to the parts of the image sensor part other than the 
photoelectric conversion region 14. 

Here, since the distance from the light shielding film 24 
5 to the photoelectric conversion region 14 is set to 1/ , and the 
distance L' is smaller than the distance L0 from the light 
shielding film 21 to the photoelectric conversion region 14 in 
FIG. 15, the dimension (for example the width W ) of the opening 
part 23' can be set to satisfy the condition 
10 WO ^ W* < W14 

as shown in FIGS . 2B and 2C with respect to a dimension (for 
example, the width 

WO) of the opening part 23 of the light shielding film 21 and 
a dimension (for example, the width W14) of the photoelectric 

15 conversion region 14 as shown in FIG. 15. 

The light shielding film 24 has an overlapping part 24s below 
the light shielding layer 20 so as to have an overlapping part 
S in the plan view in the boundary portion of the image sensor 
part 101 and the logic circuit part 106. In order to have 

20 sufficient light shielding property in the light shielding 
layer 20 and the overlapping @art 24s, there is given a 
prescribed dimension in the direction perpendicular to the 
direction of incidence of light. In other words, in order to 
warrant a satisfactory plan view overlap between the light 

25 shielding layer 20 and the overlapping part 24s, the image 
sensor part 101 and the logic circuit part 106 are provided in 
such a way that the light shielding state is continuous in their 
boundary portion. 

The CMOS sensor 10 with such a configuration operates as in 

30 the following. 
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Namely, first, the signal charge in the photoelectric 
conversion region 14 is reset by setting the potential of the 
photoelectric conversion region 14 to the power supply voltage 
VDD through application of a high pulse <#R to the reset gate 
5 17. Next, a low pulse is applied to the reset gate 17 to 
prevent blooming. 

During storage of the signal charges, when electron-hole 
pairs are generated in the region below the photoelectric 
conversion region 14 by incident beams whose incident position 
10 is defined, electrons are stored in a depletion layer below the 
photoelectric conversion region 14, and holes are discharged 
through the P type well 12. Since a potential barrier B due 
to a control MOSFET between the depletion layer formed in the 
p type well 12 below the photoelectric conversion region 14 and 
15 the N + type region 15 which is to be a floating diffused layer, 
electrons remain in the region below the photoelectric 
conversion region 14 during the storage of the photoelectric 
charges . 

Following that, the potential of the photoelectric 
20 conversion region 14 varies corresponding to the number of 
stored electrons, the potential change is output to the drain 
(N + type region) 15B of the MOSFET of the horizontal selection 
switch through the source (N + type region) 15 of the NOSFET of 
the source follower amplifier by the source follower action, 
25 and the result is output from the wiring layer 19B which serves 
as the output terminal of the source follower amplifier. In 
this way, it is possible to obtain a photoelectric 
characteristic with excellent linearity. 

Here, kTC noise due to reset is generated in the N + type region 
30 15 to be the floating diffused layer, but it is possible to remove 
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the noise by sampling and storing dark output prior to transfer 
of signal electrons, and taking the difference between the 
bright output. 

in this case, edge portions of incident beams 25' entering 
from the side of the light shielding film 24 are shielded in 
the periphery of the photoelectric conversion region 14 by the 
opening part 23' of the light shielding film 24, as shown in FIGS . 
2A and 2B, and the region of beam incidence on the photoelectric 
conversion region 14 is defined. 

As shown in FIG. 1 and FIG. 2, the spacing L' between the light 
shielding film 24 that defines the opening part 23' and the 
photoelectric conversion region 14 on the P type silicon 
substrate 11, and the spacing L0 between the light shielding 
film 21 that defines the opening part 23 shown in FIG. 15 and 
the photoelectric conversion region 14 satisfy the relation 

L'< LO, 

which shows that the distance over which the incident beams 25' 
are diffused by the diffraction effect after they are defined 
by the opening part 23' is reduced. 

Moreover, the light shielding film 24 located below the light 
shielding layer 20 of the logic circuit part 106 shields beams 
incident on the periphery of the photoelectric conversion 
region 14 by means of the opening part 23' of the light shielding 
film 24. Since the quantity of light incident on the 
photoelectric conversion region 14 is proportional to the size 
of the opening part, it is designed that the dimension (for 
example, the width WO) of the opening part 23' of the light 
shielding- film 24 is set to satisfy the relation 

WO = W' . 

With respect to the dimension (for example, the width WO) of 
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the opening part 23 of the light shielding film 21 shown in FIG. 
15. 

As a result, it is possible to reduce the quantity of light 
incident on the periphery of the photoelectric conversion 
region 14 through the diffraction effect of light, reduce the 
occurrence of false signals due to photoelectric conversion of 
diffracted light, and enhance the S/N of the image signals. 

' in this case, by considering the positional relationship with 
the logic circuit part 106, the light shielding film 24 is 
provided to cover the image sensor part 101, and have a 
continuous light shielding state by giving an overlapping part 
S in the plan view in the boundary portion between the image 
sensor 101 and the logic circuit part 10 6. With this 
arrangement, it is possible to form the image sensor part 101 
and the logic circuit part 106 on the semiconductor substrate 
11 by the same process without changing the fundamental design 
in the logic circuit part 106. As a result, variability in 
the defining state for defining the region of beam incidence 
and the layout state of wiring layers or the like can be enhanced, 
the distance from the portion defining the light shielding film 
24 of the beam incidence region to the photoelectric conversion 
region 14 can be varied effectively, and increase the choice 
as to the wiring layers or the like in the logic circuit part 
106 to be manufactured in the same process. 

Alternatively, the light shielding film 24 may be formed 
below the light shielding layer 20 as shown in.FiG.2B, with an 
opening part 23' at a position outside the opening part 23 of 
the light shielding layer 21 shown in FIG. 13, and the region 
of beam incidence on the photoelectric conversion region 14 may 
be defined with the opening part 23' of the light shielding film 
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24, as shown in FIG. 2B. In this case, since the quantity of 
light incident on the photoelectric conversion region 14 is 
proportional to the size of the opening part, by setting the 
dimension (for example, the width W ) of the opening part 23' 
5 of the light shielding film 24 and the dimension (for example, 
the width WO) of the opening part 23 of the light shielding film 
21 shown in FIG. 15 satisfy the relation 

WO < w , 

it is possible to increase the quantity of light incident on 

10 the photoelectric conversion region 14 for the case of the 
opening part 23' of the light shielding film 24 compared with 
the case of the opening part 23 shown in FIG. 15, thereby 
preventing the deterioration in the sensitivity. 

Moreover, an overlapping part S is provided in the boundary 

15 portion of the light shielding film 24 and the light shielding 
layer 20 as shown in FIG. 1 to make the light shielding state 
continuous there. In the overlapping part S, the light 
shielding film 24 and the light shielding layer 20 are formed 
to be overlapped in the plan view so as to prevent light entering 

20 the space between these layers from arriving at the 
semiconductor substrate 11 side. As a result, it is possible 
to make the light shielding state continuous in the image sensor 
part 101 and the logic circuit part 106 by shielding light 
incident on the portions other than the photoelectric 

25 conversion region 14. 

Here, the gate 17B and the wiring layer 18C are positioned 
above and below the light shielding film 24 with different 
height from the semiconductor substrate 11, so it is necessary 
to connect them by penetrating through the light shielding film 

30 24. Moreover, the gate 17B and the wiring layer 18C must be 
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insulated from the light shielding film 24. 

For this reason, an opening 40 is provided in the light 
shielding film 24 in the connection portion between the gate 
17B and the wiring layer 18C, as shown in FIG. 3, and wirings 
5 41, 42, and 43 are provided in the vicinity of the opening 40. 
The wiring 41 is formed in the same process, and is placed at 
the same height, as the light shielding film 24, in the isolated 
state from the light shielding film 24. The wirings 42 and 
43 are connected in the up and down direction of the wiring 41, 
10 and are connected to the gate 17B and the wiring 18C, 
respectively. By means of the wirings 41,42, and 43 the gate 
17B and the wiring layer 18C are connected penetrating through 

the opening 40. 

in this case, in the wiring layer 18C and the light shielding 
15 film 24 an overlapping part S is provided in order to make the 
light shielding state continuous as shown in FIG. 3. In the 
overlapping part S, in order to prevent approach of light to 
the opening 40 and arrival of light at the space on the 
semiconductor substrate 11 side, a configuration is given in 
20 which the light shielding film 24 and the wring layer 18C have 
an overlapping in the plan view. In this way, it is possible 
to make the light shielding state continuous in the image 
sensing part 101 by shielding light incident on the portions 
other than the photoelectric conversion region 14. 
25 Moreover, if it is necessary to provide another opening in 
the light shielding film 24, light incident on portions other 
than the photoelectric conversion region 14 is shielded by 
forming an overlapping part as in the wiring layer 18C, to make 
the light shielding state continuous. 
30 In manufacturing the solid-state image pickup device of this 
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embodiment, first, the P type well 12 of the image sensor part 
101, and the P type well 32A and the N type well 32B of the logic 
circuit part 106 are formed in the P type silicon substrate 11 
[P type well and N type well formation step] , the gate Si02 films 
5 16, 16A, and 16B of the image sensor part 101 are formed on the 
P type well 12, and the gate Si02 films of the logic circuit 
part 10 6 are formed on the P type well 32A and on the N type 
well 32B [gate Si02 film formation step] , then the reset gate 
17 and gates 17A and 17B of the image sensor part 101, and the 

10 gates 34A and 34B of the logic circuit part 106 are formed on 
the Si02 films 16, 16A, 16B, and the like [gate formation step] , 
the P type regions 13 and 15C of the image sensor part 101, and 
the P + type region 33B of the logic circuit part 106 are formed 
[P + type region formation step] , and the photoelectric 

15 conversion region 14, the reset drain region 15, the N + type 
regions 15A and 15B of the image sensor part 101, and the N + 
type region 33A of the logic circuit part 106 are formed [N + 
type region formation step] . 

Next, after formation of a layer insulating film as needed, 

20 a light shielding film 24 having the opening part 23' and covers 
the image sensor part 101, and the wiring layers 35A and 35B 
of the logic circuit part 106 having a prescribed pattern are 
formed at positions with the same height as the light shielding 
film 24 so as to have the height of L' from the photoelectric 

25 conversion region 14 [first metal layer formation step] . 

Then, after formation of a layer insulating film as needed, 
the wiring layers 36A and 36B of the logic circuit part 106, 
and the wiring layers 18A, 18B, and 18C of the image sensor part 
101 are formed arranged at the same height with a prescribed 

30 pattern [second metal layer formation step] . 
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Following that, after formation of a layer insulating film 
as needed, the light shielding layer 20 of the logic circuit 
part 106 and the wiring layers 19A and 19B of the image sensor 
part 101 are formed at the same height with a prescribed pattern 
5 [third metal layer formation step] . 

In this way, the solid-state image pickup device as shown 
in FIG. 1 and FIG. 2 is manufactured for the image sensor part 
101 and the logic circuit part 106 by forming in the same process 
a plurality of layers that have the same height or that can be 
10 manufactured in the same process. 

In this embodiment, a plurality of layers that are at the 
same height or can be formed in the same process, such as the 
gate Si02 films 16, 16A, and 16B of the image sensor part 101, 
and the Si02 films of the logic circuit part 106 in [gate S102 
15 film formation step] , the reset gate 17 and the gates 17A and 
17B of the image sensor part 101, and the gates 34A and 34B of 
the logic circuit part 106 in [gate formation step] , the light 
shielding film 24 of the image sensor part 101, and the wiring 
layers 35A and 35B of the logic circuit part 106 in [first metal 
20 layer formation step] , the wiring layers 36A and 36B of the logic 
circuit part 106, and the wiring layers 18A, 18B, and 18C of 
the image sensor part 101 in [second metal layer formation step] , 
and the light- shielding layer 20 of the logic circuit part 106, 
and the wiring layers 19A and 19B in [third metal layer formation 
25 step], are formed in the same process. 

In this way, various pieces of hardware such as a CPU, memory.* 
standard/dedicated macro, analog circuit , and image sensor part 
that are integrated (H/W integration) , and various pieces of 
software such as image compression and expansion, sound 
30 processing, and communication function that are integrated (S 
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/W integration) may be unified on a single chip to allow an 
LSI single body to be manufactured as an SOC that includes 
desired system/element functional operations. At the same 
time, it is possible to form simultaneously a logic circuit part 
5 106 and an image sensor part 101 having a CPU, memory, 
standard/dedicated macro, analog circuit or the like by means 
of CMOS processes with standard parameters that are employed 
widely in the manufacture of logic circuits or the like, 
contributing significantly to the reduction in the 
10 manufacturing cost. 

Incidentally, although a configuration is described in this 
embodiment in which the light shielding film 24 and the light 
shielding layer 20 have an overlapping part S in the boundary 
part of the image sensor part 101 and the logic circuit part 
15 106, it is also possible to connect the light shielding film 
24 and the light shielding layer 20 in the boundary part by 
placing them at the same position in the plan view, that is, 
by providing a connection part S' in a continuous state in the 
beam incidence direction. 
20 In this case, incidence of beams to the lower side of the 

boundary part can be prevented almost perfectly, since it is 
possible to connect the light shielding layer 20 and the 
overlapping part 24s integrally. Accordingly, it is possible 
to make the light shielding state continuous in the boundary 
25 part of the image sensor part 101 and the logic circuit part 
106, and to reduce the width in the plan view of the overlapping 
part S provided for continuity of the light shielding state, 
namely, the width of the overlapping part 24s. This makes it 
possible to reduce the spacing in the arrangement of the image 
sensor part 101 and the logic circuit part 106 to enhance the 
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degree of integration of the elements. 

Moreover, in the boundary part of the image sensor part 101 
and the logic circuit part 106, it is possible to connect the 
light shielding film 24 and the light shielding layer 20 without 
the use of the overlapping part S, namely, to connect them with 
either one of them in a bent state or in a corrugated state. 

Furthermore, the light shielding film 2 4 is formed at a 
position closer to the photoelectric conversion region 14 than 
the plurality of wiring layers 18A, 18B, 18C, 19A, 19B, and 19C 
so as to set the distance from the light shielding film 24 to 
the photoelectric conversion regionl4 to be L' . However, it 
is possible to arrange the light shielding film 24 to be above 
the wiring layers 18A, 18B, and 18C and below the wiring layers 
19A and 19B as shown in FIG. 5. 

In this case, it is possible to form the wiring layers 18A, 
18B, and 18C as a first metal layer in the same step for the 
wiring layers 35A and 35B to be placed at the same height, and 
form the light shielding film 24 as a second metal layer in the 
same step for the wiring layers 36A and 36B to be formed at the 
same height, where an effect almost the same as in the above 
can be realized. 

In this case, too, it is possible to connect the light 
shielding film 24 and the light shielding layer 20 by placing 
them at the same position in plan view in the boundary part, 
namely, by providing the overlapping part S' in the state 
continuous in the direction of light incidence as shown in FIG. 
6. 

Since it is possible to connect the light shielding layer 
20 and the overlapping part 24s by the above arrangement, it 
is possible to almost perfectly prevent incidence of light in 



28 



the lower direction from the boundary part. Accordingly , 
light shielding state can be made continuous at the boundary 
part of the image sensor part 101 and the logic circuit part 
106, and the width in the plan view of the overlapping part S 
5 provided for making the light shielding state continuous , 
namely, the width of the overlapping part 24s can be reduced, 
and the degree of integration of the elements can be realized 
by reducing the arrangement spacing between the image sensor 
part 101 and the logic circuit part 106, 

10 Moreover, a constitution may be adopted in which the light 

shielding film 24 is formed integrally with one or a plurality 
of selected ones from among the wiring layers 18A, 18B, 18C, 
19A, 19B, and 19C. 

Furthermore, when it is necessary to provide an opening 40 

15 in the light shielding film 2 4 as shown in FIG, 3, a configuration 
in light shielding may be adopted by forming an opening in one 
or a plurality of appropriately selected ones from among the 
wiring layers 18A, 18B, 18C, 19A, 19B, and 19C provided above 
the light shielding film 24, or from among the reset gate 17 

20 and gates 17A and 17B provided below the light shielding film 
24, and forming an overlapping part to make the light shielding 
state continuous. 

Next, a second embodiment of the solid-state image pickup 
device according to this invention will be described. 

25 FIG. 7 is a schematic side view showing the solid-state image 

pickup device of the present embodiment. 

In this embodiment, the difference from the first embodiment 
shown in FIG. 1 and FIG. 2 consists in the point relating to 
the light shielding film and the wiring layers in the image 

30 sensor part, where the constituent elements approximately the 
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same as in the first embodiment shown in FIG. 1 to FIG . 6 are 
given the same symbols. 

In the solid-state image pickup device in this embodiment, 
the light shielding film 24 is provided closer to the 
5 semiconductor substrate 11 than the light shielding layer 20 
as shown in FIG. 7, and it is composed of a plurality of parts 
24A and 24B. 

The light shielding films 24A and 24B are provided at 
different heights, and their boundary part of each of them is 
10 provided with an overlapping part S. The overlapping part S 
is given a configuration in which the light shielding films 24A 
and 24B are overlapped in the plan view in order to prevent light 
incident on the space between the films from arriving at the 
side of the semiconductor substrate 11. Because of this, in 
15 the boundary part of the light shielding films 24A and 24B, light 
incident on the portions other than the photoelectric 
conversion region 14 is shielded and the light shielding state 
in the image sensor part 101 can be made continuous. 

The light shielding film 24A is provided at the same height 
20 as the wiring layers 18A and 18B of the image sensor part 101 
and the wiring layers 36A and 36B of the logic circuit part 106, 
and has an overlapping part S in the boundary part with the light 
shielding layer 20. In the overlapping part S, a structure 
is chosen to have an overlap in the plan view between the light 
25 shielding film 24A and the light shielding layer 20 so as to 
prevent light incident on the space between the layers from 
reaching the side of the semiconductor substrate 11. As a 
result, in the boundary part between the light shielding film 
24A and the light shielding layer 20, light incident on the 
30 portions other than the photoelectric conversion region 14 is 
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shielded and the light shielding state in the image sensor part 
101 and the logic circuit part 106 can be made continuous. 

The light shielding film 24B is provided at a lower position 
than the light shielding film 24A, at the same height as the 
wiring layer 18C of the image sensor part 101 and the wiring 
layers 35A and 35B of the logic circuit part 106, and has an 
opening part 23' which defines the region of beam incidence for 
the photoelectric conversion region 14. 

Consequently, analogous to the first embodiment, the light 
shielding film 24B and the wiring layer 18C of the image sensor 
part 101, and the wiring layers 35A and 35B can be formed as 
[first metal layer formation step] , the wiring layers 36A and 
36B of the logic circuit part 106, and the light shielding film 
24A and the wiring layers 18A and 18B of the image sensor part 
101 can be formed as [second metal layer formation step], in 
which a plurality of layers at the same height or can be formed 
in the same process can be formed in the identical process. 

Moreover, this embodiment realizes an effect similar to the 
first embodiment, and has the plurality of light shielding films 
24A and 25B in which the light shielding film 24A has a boundary 
part with the light shielding layer 20, and the light shielding 
film 24B provided below the film 24A defines the region of beam 
incidence to the photoelectric conversion region 14. In this 
way, in the boundary part with the light shielding layer 20, 
the light shielding film 24 can be provided at a position closer 
to the light shielding layer 20 than in the first embodiment. 
Moreover, in the part defining the region of beam incidence to 
the photoelectric conversion region 14, the light shielding 
film 24B can be provided at a position closer to the 
photoelectric conversion region 14 than in the first 
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embodiment . 

Accordingly, in the parts 24A and 24B, it is possible to 
reduce the distance between the light shielding film 24A and 
the light shielding layer 20, and the distance between the light 
5 shielding film 24B and the photoelectric conversion region 14, 
reducing the possibility of incidence of light to the portions 
other than the photoelectric conversion region 14 . As a result, 
the false signals generated can further be reduced, and further 
prevent the deterioration of the S/N of the image signals by 
10 trapping the false signals in other adjacent photoelectric 
conversion regions or diffused layers of the output circuit or 
the like. 

Moreover, as shown in FIG. 8, a connection part S' may be 
provided in each boundary part at the same position in the plan 

15 view> namely, in the state continuous in the direction of beam 
incidence, to connect each of the light shielding film 24A and 
the light shielding film 24B, and the light shielding film 24B 
and the light shielding layer 20. 

In this case, since the light shielding film 24A and the light 

20 shielding film 24B, or the light shielding f ilm 24B and the light 
shielding layer 20 can be connected integrally, incidence of 
light from each boundary part to its lower section can be 
prevented almost perfectly . Accordingly, in the boundary part 
of the image sensor part 101 and the logic circuit part 106, 

25 and the boundary part between the light shielding films 24A and 
24B, the light shielding state can be made continuous, and the 
width in the plan view of the overlapping part S for realizing 
continuity of the light shielding state, namely, the width of 
the overlapping part can be reduced. Consequently, it is 

30 possible to enhance the degree of integration of the elements 



32 



by reducing the arrangement spacing between the image sensor 
part 101 and the logic circuit part 106. Besides, the degree 
of freedom in the device design can be improved by appropriately 
setting the position of the boundary part between the light 
shielding film 24A and the light shielding part 24B. 

Furthermore, in the boundary part between the image sensor 
part 101 and the logic circuit part 106, it is possible to connect 
the image sensor part 101 and the logic circuit part 106 without 
the use of an overlapping part S, namely, by putting either one 
of the films in a bent state or in a corrugated state. 

In the present embodiment, the light shielding film has been 
given a construction in which it is composed of two parts 24A 
and 24B, but a structure may be chosen in which it is divided 
into a plurality of layers of three or more, provided that it 
is a structure that makes the light shielding state continuous. 
Here, it is preferable to set the heights of a plurality of light 
shielding films to decrease, from the boundary part of the image 
sensor part 101 and the logic circuit part 106 toward the 
photoelectric conversion region 14 . With such a construction, 
it is possible to set more precisely the position of incident 
beams to the photoelectric conversion region 14, and set the 
light shielding state at the boundary between the image sensor 
part 101 and the logic circuit part 106 more reliable. 

Next, referring to the drawings, a third embodiment of the 
solid-state image pickup device according to this invention 
will be described 

In FIG. 9, which shows a schematic side view of the 
solid-state image pickup device according to the present 
embodiment, symbols 20A, 20B, and20C are light shielding layers 
of this embodiment and 20D is a color filter. 
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In this embodiment, the difference from the first and second 
embodiments shown in FIG. 1 to FIG. 8 relates to the light 
shielding layer 20. 

In the embodiment, the light shielding layer positioned at 
the topmost layer of the logic circuit part 106 consists of a 
plurality of layers 20A, 20B, and 20C that are laminated to cover 
the entirety of the logic circuit part 106, where these light 
shielding layers have insulating property, and have low light 
transparency or high light absorbency and sufficient light 
shielding property. 

Here, it is preferable that the light shielding layers 20A, 
20B, and 20C have either low light transparency or high light 
absorbency and hence a sufficient light shielding property, so 
that they may be organic materials such as gelatin and casein, 
and may be a material whose light transparency is reduced or 
the wavelength of the transmitted light is limited obtained 
by mixing a pigment or the like in a material having light 
transparency . 

These light shielding layers 20A, 20B, and 20C are materials 
having light transparency, and can respectively be made a light 
shielding layer 20A which becomes a color filter corresponding 
to red ( R ) color, a light shielding layer 20B which becomes 
a color filter corresponding to green (G) color, and a light 
shielding layer 20C which becomes a color filter corresponding 
to blue (B) color by utilizing the dyeing process, the pigment 
dispersion method (photolithography) . 

Here, what is meant by a color filter corresponding to red 
(R) color transmits wavelength corresponding to red (R) color 
and does not transmit light with other wavelength. 

The light shielding layer 20 performs light shielding of the 
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logic circuit part 106 by laminating the light shielding layers 
20A, 20B, and 20C overlapped with each other and covering the 
entire surface of the logic circuit part 106. 

Moreover, at the boundary part of the light shielding film 
24 and the light shielding layer 20 an overlapping part S is 
provided to make the light shielding state continuous there as 
shown in FIG. 9 . In the overlapping part S, the light shielding 
film 24 and the light shielding layer 20 are overlapped in the 
plan view in order to prevent light entering the space between 
them from arriving at the side of the semiconductor substrate 
11. Because of this, light incident on portions other than 
the photoelectric conversion region 14 is shielded in the 
boundary part between the light shielding film 24 and the light 
shielding layer 20, and the light shielding state in the image 
sensor part 101 and the logic circuit part 106 can be made 
continuous . 

Here, in the image sensor part 101, by utilizing the dyeing 
process, the pigment dispersion method (photolithography), or 
the like, a color filter 20D having transparency and 
corresponding to three primary colors of red, green, and blue 
(RGB) colors is provided. In the figure, a color filter 20D 
corresponding to red (R) color is illustrated. 

In this embodiment, it is possible to form the color filter 
20D corresponding to three primary colors of red, green, and 
blue (RGB) colors, and the light shielding layers 20A, 20B, and 
20C that are made color filters corresponding to three primary 
colors of red, green, and blue (RGB) colors in the same process, 
and cut back the manufacturing processes and the manufacturing 
cost . 

Moreover, by providing the light shielding layer 20 having 
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insulating property in the logic circuit part 106, it is 
possible to maintain the operating performance for the case of 
not providing a light shielding layer compared with the case 
of providing a conductive light shielding layer. 
5 Furthermore, by providing the light shielding layer 20 at 

the topmost layer of the logic circuit part 106, and by extending 
it to the side of the image sensor part 101, it is possible to 
enhance light shielding property by enlarging the overlapping 
part S. At the same time, through the improvement in the degree 

10 of freedom of positional setting of the boundary part between 
the light shielding film 24 and the light shielding layer 20, 
the degree of freedom in element design can be enhanced. 
Besides, in the state where the quantity of light incident on 
the periphery of the photoelectric conversion region 14 by the 

15 diffraction effect of light, and the generation of false signals 
caused by photoelectric conversion of diffracted light, it is 
possible to enhance the degree of integration of elements by 
reducing the arrangement spacing between the image sensor part 
101 and the logic circuit part 106. 

20 Moreover, a configuration as shown in FIG. 10 may be given 

to this embodiment, in which, for example, the light shielding 
film 24 is the first metal layer, and the wiring layers 18A, 
18B, and 18C are the second metal layer for the image sensor 
part 101, and wiring layers 35 A and 35B are the first metal layer, 

25 and the wiring layers 36A and 36B are the second metal layer 
in the logic circuit part 106. In other words, a configuration 
may be chosen in which the image sensor art 101 and the logic 
circuit part 106 consist only of the first and second metal 
layers without having a third metal layer. By forming the 

30 light shielding layer 20 without using a metal layer 
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like in this case, it is possible to reduce the number of metal 
layers, the number of manufacturing steps, and the 
manufacturing cost, and to enhance the degree of freedom in the 
element design. 

In this embodiment, the light shielding film may be 
constituted of a plurality of layers as in the second 
embodiment . 

Next, referring to the drawings, a fourth embodiment of the 
solid-state image pickup device according to this invention 
will be described. 

In FIG. 11 showing a schematic side view of the solid-state 
image pickup device according to this embodiment, symbol 20E 
is a light shielding film of the embodiment. 

In this embodiment, the difference from the third embodiment 
as shown in FIG. 9 and FIG. 10 is that the light shielding film 
20E comprising a single layer is laminated covering the entire 
surface of the logic circuit part 106 as shown in FIG. 11. 

It is preferable that the light shielding layer 20E has 
insulating property, and has sufficient light shielding 
property with either low light transparency or high light 
absorbency, and here it is chosen to be a black filter 
corresponding to black color with lowered light transparency 
obtained by mixing a pigment or the like in a material having 
light transparency, utilizing the dyeing process or the pigment 
dispersion method (photolithography) . 

Moreover, an overlapping part S is provided in the boundary 
part between the light shielding film 2 4 and the light shielding 
layer 20E as shown in FIG. 11, in order to make the light shielding 
state continuous there . In the overlapping part S, a structure 
is given in which the light shielding film 24 and the light 
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shielding layer 20E are overlapped in the plan view in order 
to prevent light entering in the space between them from 
reaching the semiconductor substrate 11 side. As a result, 
in the boundary part between the light shielding film 24 and 
the light shielding layer 20E, light incident on the portions 
other than the photoelectric conversion region 14 is shielded, 
and the light shielding state in the image sensor part 101 and 
the logic circuit part 106 can be made continuous. 

Here, at the position of beam incidence to the photoelectric 
conversion region 14 of the image sensor part 101, a color filter 
20D having light transparency and 

Corresponding to three primary colors of red, green, and blue 
(RGB) obtained by utilizing the dyeing process, the pigment 
dispersion method (photolithography) , or the like is provided. 
In FIG . 11, a color filter 20D corresponding to red (R) color 
is illustrated. 

In the periphery of the color filter 20D a black filter 20F 
corresponding to black color is provided to define the contour 
of the color filter 20D. 

In this embodiment, the black filter 20F in the periphery 
of the color filter 20D and the light shielding layer 20E made 
to be a black filter corresponding to black color can be formed 
in the same process to reduce the manufacturing cost, realizing 
the same effect as in the third embodiment. 

In the boundary part between the light shielding film 24 and 
the light shielding layer 20E, a connection part may be provided 
at the same position in the plan view, namely, in the state 
continuous in the direction of beam incidence to connect the 
light shielding film 24 and the light shielding layer 20E. In 
this case, it is possible to prevent almost perfectly the 
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incidence of light from the boundary part to its lower side. 
The connection part may be formed using a metal as in the light 
shielding film 24, or formed using an insulator as in the light 
shielding layer 20E. 
5 In each of the embodiments above, the invention has been 

described employing a CMOS sensor as an example/ but the 
invention can be applied also to a CCD sensor. 

Although the invention has been described with reference to 
specific embodiments, this description is not meant to be 

10 construed in a limiting sense. Various modifications of the 
disclosed embodiments will become apparent to persons skilled 
in the art upon reference to the description of the invention. 
It is therefore contemplated that the appended claims will cover 
any modifications or embodiments as fall within the true scope 

15 of the invention. 
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What is claimed is: 

1 1. A solid-state image pickup device formed of a photoelectric 

2 conversion part 

3 having a photoelectric conversion region and a logic circuit 

4 part on a semiconductor substrate and outputs a potential change 

5 caused by the charges generated in said photoelectric 

6 conversion region, comprising a light shielding layer covering 

7 the logic circuit part, and a light shielding film defining the 

8 region of beam incidence on said photoelectric conversion 

9 region, where the light shielding film is provided at a height 

10 closer to said semiconductor substrate than said light 

11 shielding layer. 

1 2. The solid-state image pickup device as claimed in claim 1, 

2 wherein said light 

3 shielding film is located at an intermediate position between 

4 said light shielding layer and said photoelectric conversion 

5 region in the direction of beam incidence. 

1 3. The solid-state image pickup device as claimed in claim 1, 

2 wherein said light 

3 shielding film is provided so as to cover said photoelectric 

4 conversion part as well as to make the light shielding state 

5 continuous in the boundary part between said photoelectric 

6 conversion part and said logic circuit part. 

1 4. The solid-state image pickup device as claimed in claim 3 

2 wherein said 

3 light shielding film and light shielding layer are connected 

4 in such a manner to make the light shielding state continuous 

5 in said boundary part. 

1 5. The solid-state image pickup device as claimed in claim 3, 

2 wherein said light shielding film and said light shielding layer 
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3 have an overlapping part that can be overlapped in the plan view 

4 so as to make the light shielding state continuous in said 

5 boundary part. 

1 6. The solid-state image pickup device as claimed in claim 1^ 

2 wherein said light shielding film covers said photoelectric 

3 conversion part by combining a plurality of layers. 

1 7. The solid-state image pickup device as claimed in claim 1, 

2 wherein said light 

3 shielding film defines the region of beam incidence on said 

4 photoelectric conversion region by combining a plurality of 

5 layers. 

1 8. The solid-state image pickup device as claimed in claim 6, 

2 wherein said plurality of 

3 light shielding films are provided so as to make the light 

4 shielding state continuous in their boundary parts. 

1 9. The solid-state image pickup device as claimed in claim 8, 

2 wherein each of said 

3 plurality of light shielding films has an overlapping part that 

4 can be overlapped in the plan view so as to make the light 

5 shielding state continuous in their boundary parts. 

1 10. The solid-state image pickup device as claimed in claim 6^ 

2 wherein said plurality of light shielding films possess a 

3 portion having a boundary part with said light shielding layer 

4 and a portion that defines the region of beam incidence on said 

5 photoelectric conversion region provided at a position closer 

6 to said semiconductor substrate. 

1 11. The solid-state image pickup device as claimed in claim 1, 

2 W herein said light shielding layer is formed of a material that 

3 has either low light transparency or high light absorbency such 

4 that its light shielding property is sufficiently high. 
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1 12. The solid-state image pickup device as claimed in claim 1, 

2 wherein said light shielding film is manufactured in the same 

3 process as the manufacturing process of the logic circuit part. 
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ABSTRACT OF THE DISCLOSURE 
The present invention discloses a solid-state image pickup 
device in which a photoelectric conversion part having a 
photoelectric conversion region, and a logic circuit part are 
formed on a semiconductor substrate, and outputs a potential 
change caused by the charges generated in the photoelectric 
conversion region, and is provided with a light shielding layer 
that covers the logic circuit part, and a light shielding film 
that defines the region of beam incidence on the photoelectric 
conversion region, where the light shielding film is provided 
closer to the semiconductor substrate than the light shielding 
layer . 



1/15 




2/15 




3/15 




'■4 
O 

o 



4/1 5 




5/1 5 




6/1 5 




7/15 




8/1 5 




9/1 5 




10/15 




11/15 




12/15 



103 



VERTICAL 
SCANNING 
PART 



102 



105 



104 

s 



101 



IMAGE SENSOR PART 



ANALOG SIGNAL 
PROCESSING PART 



TIMING 
GENERATION 
PART 



HORIZONTAL SCANNING 
PART 



100 



108 



IF PART 



I 



I 



DIGITAL 
SIGNAL 
PROCESSING 
PART 



AID PART 



107 



109 



106 



FIG. 12 



1 3/15 




1 4/15 




POTENTIAL 

FIG. 14B 




VDD 



POTENTIAL 



FIG. 14C 




1 5/1 5 




FIG. 15 



Page 1 of 2 



Declaration and Power of Attorney For Patent Application 

English Language Declaration 

As a below named inventor, t hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name, 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, 
lirsfknc ? joinTinwnto?(if plural names are listed below) of the subject matter which is claimed and 
for which a patent is sought on the invention entitled 



SOLID-STATE IMAGE PICKUP DEVICE 
the specification of which 

(check one) 

g] is attached hereto. 

□ was filed on 



as 



Application Serial No 

and was amended on 



(if applicable) 

I hereby state that I have reviewed and understand the contents of the above identified specification, 
including the claims, as amended by any amendment referred to above. 

, acknowledge the duty to disclose information which is materia, to patentability as defined in 
Title 37, Code of Federal Regulations § 1.56. 

I herebv claim foreign priority benefits under Title 35, United States Code, §119 ?f any foreign 
aopl Son s fo patent or inventor's certificate listed below and have also identified below any 
foreign applfcationfor patent or inventor's certificate having a filing date before that of the application 

on which priority is claimed: 

Priority Claimed 



Prior Foreign Application(s) 




186709/1999 


Japan 


™/6/1999 


(Number) 


(Country) 


(Day/Month/Year Filed) 


(Number) 


(Country) 


(Day/Month/Year Filed) 


(Number) 


(Country) 


(Day/Month/Year Filed) 



E 

Yes 

□ 
Yes 

□ 
Yes 



□ 
No 

□ 
No 



I hereby claim the benefit under Title 35, United States Code, §120 of any United States appl^at,on(s) 
isted below and, insofar as the subject matter of each of the claims of this appl.cat.on ,s not disclosed 
The phor United States application in the manner provided by the first paragraph of Titl ,35 ^Un ted 
States Code, § 112, I acknowledge the duty to disclose .nformat.on which is material to 
patentability as defined in Title 37, Code of Federal Regulations, § 1 56 which became ava.lab e 
between the filing date of the prior application and the national or PCT .nternationai fu.ng date 
of this application: 



Form Y&T (3-92) 



Patent and Trademark Office-U.S. DEPARTMENT OF COMMERCE 



Page 2 of 2 



(Application Serial No.) (Filing Date) (Status) 

(patented, pending, abandoned) 



(Application Serial No.) (Filing Date) (Status) 

(patented, pending, abandoned) 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable 
by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that 
such willful false statements may jeopardize the validity of the application or any patent issued 
thereon. 

POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorney(s) and/or 
agent(s) to prosecute this application and transact all business in the Patent and Trademark Office 
connected therewith, {list name and registration number) 

ROBERT J. PATCH, REG. NO. 17,355; ANDREW J. PATCH, REG. NO. 32,925; 

ROBERT F. HARGEST, REG. NO. 25,590; BENOIT CASTEL, REG. NO. 35,041 

Send Correspondence to: YOUNG S THOMPSON, SUITE 200, 

745 SOUTH 23RD STREET, ARLINGTON, VA 22202 

Direct Telephone Calls to: (name and telephone number) ROBERT PATCH, 703/521-2297 



Full name of sole or first inventor 

YASUTAKA NAKASHIBA 



Inventor's signature Date 



6/22/2000 



Residence 

Tokyo, Japan 



Citizenship 

Japanese 



Post Office Address 

c/o NEC Corporation, 7-1, Shiba 5-chome, Minato-ku, Tokyo, Japan 



Full name of second joint inventor, if any 



Second Inventor's signature Date 



Residence 



Citizenship 



Post Office Address 



(Supply similar information and signature for third and subsequent joint inventors.) 



Form Y&T (3-92) 



Patent and Trademark Office-U.S. DEPARTMENT OF COMMERCE 



